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(54) FLAME-RETARDANT RESIN COMPOSITION AND MOLDED ARTICLE OBTAINED 
THEREFROM 

(57) A flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin component (component a) containing at least 50% by weight of a high impact 
polystyrene, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b) represented by the following 
general fomiula (I): 



N)-CH2/ \:h2-o'^ 



(I) 



< 

CM 
(O 
CM 



wherein A and A' are the same or different and represent -OR or -Q wherein R and Q represent an all<yl group having 
1 to 12 carbon atoms, a cycloalkyi group having 5 to 10 carbon atoms, an arall<yl group having 7 to 20 carbon atoms 
or an aryl group having 6 to 15 carbon atoms. 

According to the present invention, there are provided a polystyrene resin composition containing substantially no 
halogen and having heat resistance, particularly a high heat distortion temperature under load, and an article molded 
from the composition. 



Q. 
lU 
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Description 

Technical Field 

5 [0001 1 The present Invention relates to a flame-retarded polystyrene resin composition. More specifically, the present 
invention relates to a flame-retarded polystyrene resin composition having excellent heat resistance and good impact 
resistance and an article molded therefrom. Further, the present invention also relates to a flame-retarded polystyrene 
resin composition having a high heat distortion temperature under load and containing substantially no halogen and 
an article molded therefrom. 

10 

Background Art 

[0002] A polystyrene resin is use in a wide variety of fields such as components of office automation equipment, 
home electric appliances and automobiles due to excellent Impact resistance and moldability. However, its use is limited 

15 due to its f lammability. As a method for making the polystyrene resin flame-retardant, addition of a halogen compound, 
a phosphorus compound or an inorganic compound as a flame retardant is known, so that a certain degree of flame 
retardancy is achieved by the addition. However, to increase the degree of safety of products, regulations on molded 
articles in office automation equipment and home electric appliances by a flame retardancy test based on SUBJECT 
94 of Undenwriters Laboratories (UL) Inc. which Is a standard In U.S. have been becoming increasingly strict year by 

20 year, and a higher degree of flame retardancy is desired. 

[0003] . Heretofore, as methods for improving flame retardancy of the polystyrene resin, a resin composition (Japa- 
nese Patent Laid-Open Publication No. 4-11 7442) comprising a polystyrene resin, a nitrogen compound such as mela- 
mlne, a polyol and an organic phosphate and an ignition melt-dripping self-extingulshable polystyrene resin composition 
(Japanese Patent Publication No. 6-43542) comprising a rubber-modified polystyrene resin and a halogen compound 

25 are known, for example. However, these resin compositions have a problem that their applications are limited due to 
unsatisfactory flame retardancy. 

[0004] In addition, in recent years, it has been reported that a halogen compound has an adverse effect on the 
environment, and a movement of use of halogen-free resin molded articles is thereby expanded from Europe. For this 
reason, demand for a halogen-free flame retardant has also been increased, and vigorous developments of halogen- 
30 free flame retardants for a variety of resins have been started. However, with respect to making the polystyrene resin 
flame-retardant without use of halogen, It has heretofore been believed to be difficult to achieve it due to flammabllity 
of the polystyrene resin. 

[0005] As a known prior art in the field, a resin composition comprising a specific rubber-modified polystyrene resin 
and a phosphorus-containing flame retardant Is disclosed in Japanese Patent Laid-Open Publication Nos. 8-176396 

35 and 8-120152. To be more specific, it is disclosed that flame retardancy of melt-dripping self-extinguishing type is 
exhibited by use of triphenyl phosphate and derivative thereof or red phosphorus as the phosphorus-containing flame 
retardant. However, a composition using triphenyl phosphate and derivative thereof is caused to exhibit flame retar- 
dancy as a result of Increasing flowabllity by a ptastlclzing effect so as to facilitate melt-dripping at the time of ignition. 
The resin composition has significantly low heat resistance and has a problem that it Is of little practical use. In the 

40 case of a composition using red phosphorus, it needs to contain a relatively large amount of red phosphorus so as to 
exhibit flame retardancy. For this reason, a toxic phosphine gas Is liable to be produced at the time of extmsion of the 
resin composition. Further, the resin composition also has such problems that red phosphorus is difficult to handle and 
that the obtained resin composition becomes brown inherent In red phosphorus, thereby limiting applications of the 
resin composition. 

45 [0006] Further, Japanese Patent Laid-Open Publication No. 8-311278 discloses a melt-dripping self-extinguishing 
flame-retardant resin composition comprising a rubber-modified polystyrene resin, an organic phosphorus compound 
monomer, an organic phosphorus compound condensate and a silicone oil and containing 50 to 100% by weight of 
the above monomer in the organic phosphorus compound. IVIore specifically, a mbber-modified polystyrene having a 
reduced viscosity of 0.53 dl/g Is used, and the resin composition also has poor heat resistance and impact resistance 

50 and therefore has a problem that it is of little practical use. 

[0007] Thus, in the conventional rubber-modified polystyrene resin compositions, a certain degree of flame retar- 
dancy is achieved, but they also have poor heat resistance. Particularly, it is difficult to apply them to applications 
requiring high heat resistance such as a housing of office automation equipment, and improvements in the resin com- 
positions are desired. 

55 

Problems to be solved by the Invention 

[0008] A first object of the present invention Is to provide a polystyrene resin composition which can achieve flame 
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retardancy of ignition melt-dripping type, that is, flame retardancy of at least a level V2 in an UL94 Standard, and has 
excellent heat resistance. 

[0009] A second object of the present invention to provide a fiame-retardant rubber-modified polystyrene resin com- 
position which maintains a high level of impact resistance and undergoes a little drop in a heat distortion temperature 
5 under load. 

[00101 A third object of the present invention is to provide a rubber-modified polystyrene resin composition having 
high levels of well-balanced heat distortion temperature under ioad, impact resistance and flame retardancy and con- 
taining substantially no halogen. 

[001 1 ] Another object of the present invention is to provide a fiame-retardant rubber-modified polystyrene resin com- 
10 position which can be advantageously used in a housing of office automation equipment, a container and the like. 

Preferred Embodiment of the Invention 

Means for solving the problems 

15 

[001 2] According to studies made by the present inventors, the above objects of the present Invention are achieved 
by a flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin component (component a) containing at least 50% by weight of a high Impact 
20 polystyrene, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b) represented by the following 
general formula (I): 

l/O-CH. CH.-Os^ 
A-P C "f-A' (1) 

N)-CH2/ NtHz-O^ 

30 

Wherein A and A* are the same or different and represent -OR or -Q wherein R and Q represent an alkyi group having 
1 to 12 carbon atoms, a cycloalkyi group having 5 to 10 carbon atoms, an aralkyl group having 7 to 20 carbon atoms 
or an aryl group having 6 to 15 carbon atoms. 

[0013] It is known that some of the phosphorus-containing compounds (component b) represented by the above 
35 general fomiula (1) are used as a flame retardant. Japanese Patent Laid-Open Publication No. 54-157156 discloses 
use of a diphosphonate having spiro rings as typified by dimethylpentaerythritol diphosphonate, dimethylpentaerythritol 
diphosphate and diphenylpentaerythritol diphosphonate as a flame retardant for a polycarbonate resin. The invention 
disclosed in the publication simply teaches that the degree of flame retardancy of the polycarbonate resin increases 
by addition of the diphosphonate. 
40 [0014] Further, an aromatic polycarbonate resin composition containing pentaerythritol diphosphate or pentaeryth- 
ritol diphosphonate as a flame retardant is described in a specification of U.S. Patent No. 4,178,281 . This U.S. Patent 
describes making an aromatic polycarbonate resin or a mixture of the aromatic polycarbonate resin and an ABS resin 
fiame-retardant and contains no descriptions about resins other than the above resins, 

[0015] A fiame-retardant resin composition obtained by mixing pentaerythritol diphosphonate into a specific resin 
45 mixture comprising a polyphenylene ether and a high impact polystyrene is described in a specification of U.S. Patent 
No. 4,162,278. The U.S. Patent simply teaches that flame retardancy which satisfies a V-0 or V-1 standard has been 
achieved for the above specific resin mixture and contains no specific composition ratios in Examples. 
[0016) In addition, a resin composition containing di-substituted phenyl pentaerythritol diphosphate as a flame re- 
tardant is described in Japanese Patent Laid-Open Publication No. 5-92986. A di-substituted phenyl group of the 
50 diphosphate is a di-substituted phenyl group having a steric hindrance group such as a methyl group or a t-butyl group 
at positions 2 and 6 as a substituent. It is disclosed that the di-substituted phenyl pentaerythritol diphosphate having 
the specific structure has excellent themrial stability against a resin as compared with a diphosphate having no sub- 
stituents. In this publication, target resins are not particularly limited, and an extremely wide variety of resins are pre- 
sented. However, specific resins with which the effect of the di-substituted phenyl pentaerythritol diphosphate has been 
55 confirmed are a resin composed essentially of a polyphenylene ether and a polycarbonate resin. 

[001 7] According to the present invention , it has been found that mixing of a phosphorus-containing compound having 
a specific structure having spiro rings including the diphosphonates or the diphosphates into a high impact polystyrene 
resin not only improves flame retardancy but also surprisingly reduces degradation in heat resistance, particularly a 
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drop in a heat distortion temperature under load. 

[0018] As is obvious from Examples and Comparative Examples to be described later, it has been found that under 
preferred mixing conditions of the present invention, mixing of the phosphorus-containing compound into the high 
impact polystyrene resin causes substantially no drop in a heat distortion temperature under load of the high impact 

5 polystyrene resin itself or may cause even a slight increase in the heat distortion temperature under load in some 
cases. The phenomenon that degradation in heat resistance Is little is thought to be peculiar behavior caused by a 
combination of the phosphorus-containing compound and the high impact polystyrene resin in the present Invention. 
[0019] When a commonly well-known flame retardant such as triphenyl phosphate (TPP) or bis(nony(phenyl)phenyl 
phosphate (BNPP) Is used as a flame retardant for the high impact polystyrene resin, a significant drop in the heat 

10 distortion temperature under load is Inevitable. This fact also makes It understandable that a combination of the resin 
and the phosphorus-containing compound In the resin composition of the present invention produces a peculiar effect. 
A fact that heat resistance typified by the heat distortion temperature under load of the high impact polystyrene is 
maintained at a high level despite having been flame-retarded increases its value of use and expands its fields of 
application. In addition, the resin composition of the present invention undergoes little degradation in impact resistance, 

15 thereby indicating that an advantage Inherent in the high impact polystyrene resin Is retained. 

[0020] Heretofore, the resin composition of the present Invention will be described In more detail. 
[0021] A high impact polystyrene resin as the component a in the resin composition of the present Invention Is a 
polystyrene resin with improved impact resistance which Is generally refenred to as "HIPS". Generally, HIPS refers to 
a rubber-modified polystyrene resin. 

so [0022] The rubber-modified styrene resin refers to a polymer having a rubber-like polymer dispersed in granular form 
in a matrix composed essentially of an aromatic vinyl polymer and is obtained by subjecting a monomer mixture con- 
taining an aromatic vinyl monomer as an essential component to known mass polymerization, mass suspension po- 
lymerization, solution polymerization or emulsion polymerization In the presence of the rubber-like polymer 
[0023] Illustrative examples of the aibber-like polymer include diene-type rubber such as a polybutadiene and a poly 

25 (styrene-butadlene), saturated rubber obtained by hydrogenating the diene-type rubber, isoprene rubber, chloroprene 
rubber, acrylic mbber such as butyl polyacrylate and an ethylene-propylene-dlene monomer terpolymer (EPDM). The 
diene-type rubber is particularly preferred. 

[0024] Illustrative examples of the aromatic vinyl monomer which Is an essential component in the graft copolymer- 
izable monomer mixture to be polymerized in the presence of the above rubber-like polymer Include styrene, a-meth- 

30 ylstyrene and paramethylstyrene. Styrene is the most preferable. 

[0025] The content of the rubber-like polymer component In the above rubber-modified polystyrene resin is 1 to 1 6% 
by weight, preferably 1 to 10% by weight, more preferably 2 to 8.5% by weight, and the content of the aromatic vinyl 
polymer component is 99 to 85% by weight, preferably 99 to 90% by weight, more preferably 98 to 91 .5% by weight. 
Within the above ranges, a balance among heat resistance, impact resistance and rigidity of a resin composition to be 

35 obtained improves and, further, the resin composition has a small number of unsaturated bonds, so that it is not easily 
oxidized and has excellent thermal stability advantageously 

[0026] A reduced viscosity T|sp/C (detemiined by measuring 0.5 g/dl of a toluene solution at SO^C) which is a scale 
for a molecular weight of the rubber-modified polystyrene resin in the present invention is 0.2 to 1 .5 dl/g, preferably 
0.4 to 1 .3 dl/g, more preferably 0.6 to 1 .1 dl/g. Illustrative examples of means for satisfying the above conditions with 
40 respect to the reduced viscosity t^sp^^ rubber-modified polystyrene resin include controls of a polymerization 
initiator, a polymerization temperature and a chain transfer agent. When the reduced viscosity is low, a resin composition 
having poor heat resistance and impact resistance is obtained. 

[0027] In the flame retardant resin composition of the present invention, the resin component (component a) contains 
the above high impact polystyrene (component a-1) in an amount of 50 to 100% by weight, preferably 60 to 100% by 

45 weight, particularly preferably 70 to 1 00% by weight, based on 1 00% by weight of the resin component. A resin (com- 
ponent a-2) other than the high impact polystyrene in the resin component is at least one resin selected from the group 
consisting of a polyphenylene ether, a polycarbonate, an ABS resin, a polyester and a phenol resin. As the component 
a-2, the polyphenylene ether, polycarbonate or phenol resin is suitable. The component a-2 is used in an amount of 0 
to 50% by weight, preferably 0 to 40% by weight, particularly preferably 0 to 30% by weight, based on 1 00% by weight 

50 of the resin component (component a). 

[0028] The phosphorus-containing compound (component b) as a flame retardant in the flame retardant resin com- 
position of the present invention is represented by the following general fomnula (I): 



55 
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A-P V T-A' (I) 

wherein A and A' are the same or different and represent -OR or -Q wherein R and Q represent an alky! group having 
1 to 12 carbon atoms, a cycloalkyi group having 5 to 10 carbon atoms, an aralkyi group having 7 to 20 carbon atoms 
or an aryl group having 6 to 15 carbon atoms. 

[0029] AlkyI groups represented by R and Q in the above general formula (I) have 1 to 12 carbon atoms, preferably 
1 to 9 carbon atoms. Specific examples thereof include methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, t-butyl, 
neopentyl and nonyl. Cycloalkyi groups represented by R and Q have 5 to 10 carbon atoms, preferably 6 to 8 carbon 
atoms. Specific examples thereof Include cyclohexyl and cyclooctyl. Aralkyi groups represented by R and Q have 7 to 
20 carbon atoms, preferably 7 to 11 carbon atoms. Specific examples thereof include benzyl, phenethyl, phenylpropyl, 
naphthylmethyl and 2-phenylisopropyl. Further, aryl groups represented by R and Q have 6 to 15 carbon atoms, pref- 
erably 6 to 10 carbon atoms. Specific examples thereof include phenyl, naphthyl, anthranyl, xylyl, trimethylphenyl, di- 
t-butylphenyl, di-t-butyl-methylphenyl and tri-t-butylphenyl. 

[0030] The phosphorus-containing compounds represented by the above general formula (I) are classified into those 
represented by the following formulae (1-1), (1-2) and (1-3) based on differences in their chemical structures, and their 
flame retarding effects and effects on physical properties are slightly different. Hereinafter, the fomiulae (1-1), (1-2) and 
(1-3) will be described. 

(1) Phosphorus-Containing Compound Represented by the Formula (1-1) (Component b-1) 



R-O-P V (I-l) 

wherein R and R' are the same or different and represent an alkyi group having 1 to 1 2 carbon atoms, a cycloalkyi 
group having 5 to 1 0 carbon atoms, an aralkyi group having 7 to 20 carbon atoms or an aryl group having 6 to 15 
carbon atoms. 

(2) Phosphorus-Containing Compound Represented by the Fomriula (1-2) (Component b-2) 



Q^¥ V ^-Q' (1-2) 

wherein Q and Q' are the same or different and represent an alkyI group having 1 to 12 carbon atoms, a cycloalkyi 
group having 5 to 1 0 carbon atoms, an aralkyi group having 7 to 20 carbon atoms or an aryl group having 6 to 15 
carbon atoms. 

(3) Phosphorus-Containing Compound Represented by the Formula (1-3) (Component b-3) 



Q-V \ (1-3) 



wherein Q and R are the same or different and represent an alkyI group having 1 to 12 cartjon atoms, a cycloalkyi 
group having 5 to 10 carbon atoms, an aralkyi group having 7 to 20 carbon atoms or an aryl group having 6 to 15 
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carbon atoms. 

[0031] With respect to the definitions of R, R\ Q and in the above fomriulae (1-1) to (1-3), preferable examples 
and specific examples of the alkyi group having 1 to 12 carton atoms, cycloalkyi group having 5 to 10 carbon atoms, 
aralkyi group having 7 to 20 carbon atoms and aryl group having 6 to 1 5 carbon atoms are the same as those set forth 
with respect to the above fonnula (I). Therefore, preferable examples and specific examples of the groups represented 
by R, R\ Q and in the fomaulae (1-1) to (1-3) will not be given. 

[0032] Of the above fomriulae (1-1) to (1-3), the phosphorus-containing compound represented by the formula (1-2) 
has a particularly excellent effect as the resin composition of the present invention. Particularly, a phosphorus-contain- 
ing compound represented by the fomiula (1-2) wherein Q and Q' are the same or different and represent a branched 
alkyl group having 3 to 5 carbon atoms such as isopropyl, sec-butyl, t-butyl, neopentyl or isopentyl, a cyclohexyl group, 
an a-methylbenzyl group or a 2-phenylisopropyl group has remarkable flame retardancy and is particularly preferred. 
The most preferred Q and Q' are Isopropyl, sec-butyl, t-butyl, a-methylbenzyl and 2-phenylisopropyl. That is, a resin 
composition containing the phosphorus-containing compound represented by the formula (1-2) as the component b 
obtains an excellent flame retarding effect and provides a molded article having heat resistance, particularly a heat 
distortion temperature under load, maintained at a high level. 

[0033] Next, specific phosphorus-containing compounds belonging to the fomriulae (1-1 ) to (1-3) will be set forth. 



(1) Compounds Belonging to the Formula (1-1) 


Compound No. 


-OR 


-OR' 


1-a 


phenoxy group 


phenoxy group 


1-b 


methoxy group 


methoxy group 


1-c 


ethoxy group 


ethoxy group 


1-d 


2-methylphenoxy group 


2-methylphenoxy group 


1-e 


2,6-dimethylphenoxy group 


2,6-dimethylphenoxy group 


1-d 


2,6-di-t-butylphenoxy group 


2,6-di-t-butylphenoxy group 


1-f 


cumylphenoxy group 


cumylphenoxy group 


1-g 


4-nonylphenoxy group 


4-nonylphenoxy group 


1-h 


a-naphthoxy group 


a-naphthoxy group 


1-i 


phenoxy group 


methoxy group 


1-j 


phenoxy group 


ethoxy group 


1-k 


cyclohexyl group 


cyclohexyl group 








(2) Compounds Belonging to the Formula (1-2) 


Compound No. 


-Q 


-Q' 


2-a 


methyl group 


methyl group 


2-b 


t-butyl group 


t-butyl group 


2-c 


benzyl group 


benzyl group 


2-d 


n-butyl group 


n-butyl group 


2-e 


sec-butyl group 


sec-butyl group 


2-f 


a-methylbenzyl group 


a-methylbenzyl group 


2-g 


2-phenylisopropyl group 


2-phenylisopropyl group 


2-h 


2,6-dlmethylbenzyl group 


2,6-dimethylbenzyl group 


2-1 


2,6-di-t-butylbenzyl group 


2,6-di-t-butylbenzyl group 


2-j 


phenethyl group 


phenethyl group 


2-k 


phenyl group 


phenyl group 



EP 1262 519 A1 

(continued) 



(2) Compounds Belonging to the Fonmula (1-2) 


v/OiTipounu INO. 






2-1 


t-butyl group 


methyl group 


2-m 


t-butyl group 


benzyl group 


2-n 


t-butyl group 


sec-butyl group 


2-0 


methyl group 


benzyl group 


2-p 


cyclohexyl group 


cyclohexyl group 



(3) Compounds Belonging to the Fomnula (1-3) 


Compound No. 


-OR 


-Q 


3-a 


phenoxy group 


methyl group 


3-b 


phenoxy group 


t-butyl group 


3-c 


phenoxy group 


benzyl group 


3-d 


methoxy group 


methyl group 


3-e 


methoxy group 


t-butyl group 


3-f 


methoxy group 


benzyl group 


3-g 


2,6-dimethylphenoxy group 


methyl group 


3-h 


2,6-dlmethylphenoxy group 


t-butyl group 


3-i 


2,6-dimethylphenoxy group 


benzyl group 


3-j 


2,6-di-t-butylphenoxy group 


methyl group 


3-k 


2,6-di-t-butylphenoxy group 


t-butyl group 


3-1 


2,6-di-t-butylphenoxy group 


benzyl group 


3-m 


phenoxy group 


cyclohexyl group 



[0034] The resin composition of the present invention substantially comprises the resin component (component a) 
composed essentially of a high impact polystyrene and the phosphorus-containing compound represented by the above 

formula (I). Further, the resin composition may also contain another type of phosphorus or phosphorus compound as 
a component c. Addition of the component c can not only improve a flame retarding effect, physical strength, heat 
resistance or the ltl<e of the resin composition but also reduce costs. 

[0035] Illustrative examples of components c that can be added include phosphorus and phosphorus compounds of 
the following 

(c-1)to (c-5). 

(c-1) red phosphorus 

(c-2) triaryl phosphate represented by the following formula (c-2) 

0 

— 0 — P — O — (C-2) 
0 

(c-3) condensed phosphate represented by the following fonnula (c-3) 
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0 

II 

-0 — p 

I 

0 

I, 



r 



-0 — , 



o 

1 " 

■Ar^ — 0 — P 

I 

o 

I 



— R* 



m 



(c-3) 



(c-4) condensed phosphate represented by the following formula (c-4) 



r 



r1 — 0 — P — 0 — Ar^— :^-Ar* — 0 — ^P — o4-R 
I I 
0 o 
I, I, 



m 



(c-4) 



zo (c-5) compound represented by the following formula {c-5) 



25 



30 




(C-5) 



[0036] In the above formulae (c-2) to (c-4), to R"^ are the same or different and are an aryl group having 6 to 15 
carbon atoms, preferably an aryl group having 6 to 1 0 carbon atoms. Specific examples of the aryl group include phenyl, 
naphthyl and anthryl. These aryl groups may have 1 to 5 substltuents, preferably 1 to 3 substituents. Illustrative ex- 

35 amples of such substituents include (i) alkyi groups having 1 to 12 carbon atoms (preferably alkyi groups having 1 to 
8 carbon atoms) such as methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, t-butyl, neopentyl and nonyl, (ii) alkyloxy 
groups having 1 to 12 carbon atoms (preferably alkyloxy groups having 1 to 8 carbon atoms) such as methoxy, ethoxy, 
propoxy, butoxy and pentoxy, (ill) alkylthio groups having 1 to 12 carbon atoms (preferably alkylthio groups having 1 
to 8 carbon atoms) such as methylthio, ethylthio, propylthio, butylthio and pentylthio, and (iv) and a group represented 

40 by a formula -Y-Ai^ (wherein Y represents -0-, -S- or an alkylene group having 1 to 8 carbon atoms, preferably 1 to 4 
carbon atoms, and Ar^ represents an aryl group having 6 to 15 carbon atoms, preferably 6 to 10 carbon atoms). 
[0037] In the formulae (c-3) and (c-4), Ar^ and Ar2, if both are present (in the case of c-4), are the same or different 
and represent an arylene group having 6 to 15 carbon atoms, preferably an arylene group having 6 to 10 carbon atoms. 
Specific examples thereof include a phenylene group or a naphthylene group. Arylene groups represented by Ar^ and 

45 Ar2 may have 1 to 4 substituents, preferably 1 to 3 substituents. Illustrative examples of such substituents include (i) 
alkyi groups having 1 to 4 carbon atoms such as methyl, ethyl, propyl. Isopropyl, n-butyl, sec-butyl and t-butyl, (ii) 
aralkyl groups having 7 to 20 carbon atoms such as benzyl, phenethyl. phenylpropyl, naphthylmethyl and cumyl, (iii) 
a group represented by a fomriula -Z-R^ (wherein Z represents -O- or -S-. and RS represents an alkyi group having 1 
to 4 carbon atoms, preferably 1 to 3 carbon atoms or an aryl group having 6 to 15 carbon atoms, preferably 6 to 10 

50 carbon atoms), and (iv) aryl groups having 6 to 15 carbon atoms such as a phenyl group. 

[0038] In the formulae (c-3) and (c-4), m represents an integer of 1 to 5, preferably an integer of 1 to 3, particularly 
preferably 1 . 

[0039] In the formula (c-4), X is a single bond or group which bonds Ar^ and Ar2 to each other, and -Ar^-X-ArS- is a 
residue which is generally derived from a bisphenol. Therefore, X represents a single bond, -0-, -CO-, -S-, -SOg- or 
55 an alkylene having 1 to 3 carbon atoms, preferably a single bond, -0-or isopropylldene. 

[0040] Further, the compound of the above (c-5) is 6H-ben2o[c.e][1 ,2]oxaphosphorine-6-one. Two benzene rings in 
the compound (c-5) each may have 1 to 4 substituents, preferably 1 to 2 substituents. Illustrative examples of such 
substituents include the substituents (i) to (iv) exemplified as substituents for the aryl groups represented by R^ to R^ 
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in the above formulae (c-2) to (c-4). 

[0041] When the phosphorus and phosphorus compounds (component c) of the above {c-1) to (c-5) are contained 
in the resin composition of the present invention, its proportion is suitably 1 to 100 parts by weight, preferably 5 to 80 
parts by weight, particularly preferably 1 to 60 parts by weight, based on 100 parts by weight of the phosphorus- 
5 containing compound (component b). Of the phosphorus and phosphorus compounds of the above (c-1) to (c-5), the 
phosphorus compounds of the (c-2) to (c-5) are preferred. 

[0042] The resin composition of the present Invention may further contain dicumyl (component d) represented by 
the following chemical formula. 



[0043] The dicumyl (component d) is contained in an amount of 0.01 to 3 parts by weight, preferably 0.02 to 2 parts 
by weight, particularly preferably 0.03 to 1 part by weight, based on 100 parts by weight of the resin component (com- 
ponent a). When the dicumyl is contained in the above proportion, a flame retarding effect is assumed to be ascribable 

20 to occun-ence of radicals, thereby improving a level of flame retardancy. 

[0044]. The resin composition of the present invention may further contain a known flame retardant assistant. Such 
a flame retardant assistant is, for example, a silicone oil. The silicone oil is a polydlorganosiloxane, preferably poly- 
diphenylslloxane, polymethylphenylsiloxane. polydimethylsiloxane or a copolymer or mixture thereof. Of these, poly- 
dimethylsiloxane is preferably used. Its viscosity is preferably 0.8 to 5,000 centipoises (25° C). more preferably 10 to 

25 1 ,000 centipoises (25*»C), much more preferably 50 to 500 centipoises (25^*0). A silicone oil having viscosity within the 
above range is prefered because of its excellent flame retardancy. The amount of the silicone oil is preferably 0,5 to 
10 parts by weight based on 100 parts by weight of the resin component (component a). 

[0045] Further, a fluorocarbon resin may be added as the flame retardant assistant. Illustrative examples of the 
fluorocarbon resin include homopolymers and copolymers of fluorine-containing monomers such as tetrafluoroethyl- 

30 ene, trifluoroethylene, vinyl fluoride, vinylidene fluoride and hexafluoropropylene. Further, the above fluorine-containing 
monomers may be copolymerized with polymerizable monomers such as ethylene, propylene and acrylate to the extent 
that a dripping preventing capacity is not impaired. Of these fluorocarbon resins, a polytetrafluoroethylene is preferred. 
The preferred polytetrafluoroethylene is one called "Type 3" according to ASTM Standards. The amount of the fluor- 
ocarbon resin is suitably 0.01 to 3 parts by weight, preferably 0.1 to 2 parts by weight, based on 100 parts by weight 

35 of the resin component (component a). 

[0046] In addition, to the resin composition of the present invention, a variety of additives such as a degradation 
preventing agent, e.g., an antioxidant, ultraviolet absorber or light stabilizer; a lubricant; an antistatic agent; a mold 
releasing agent; a plasticizer; reinforced fiber, e.g. , glass fiber and carbon fiber; a filler, e.g. , talc, mica and wollaston ite; 
and a coloring agent, e.g., a pigment may also be added. The additives are used in a proper amount which can be 

40 selected from a range which does not Impair heat resistance, Impact resistance and mechanical strength according to 
purposes and functions of the additives. 

[0047] In preparing the resin composition of the present invention, the resin component (component a) and the phos- 
phorus-containing compound (component b) and other components as required are pre-mixed by use of a blender 
such as a V-shaped blender, a supennixer, a superf loater or a Henschel mixer, and the pre-mixture is fed into a kneading 
45 machine and melt-mixed. As the kneading machine, a variety of melt blenders such as a kneader and a single or twin 
screw extruder can be used. In particular, a method comprising melting the resin composition by use of a twin screw 
extruder or the like at a temperature of 1 50 to 280''C, preferably 1 70 to 250° C, feeding a liquid component by use of 
a side feeder, extruding the mixture, and pelletizing the extrudate by a pelletlzer is preferably used. 
[0048] The flame retardant resin composition of the present invention has good heat resistance, in particular. There- 
to fore, it is useful as a material for molding a variety of articles such as components of office automation equipment, 
home electric appliances and automobiles. Such molded articles can be produced by a conventional method such as 
a method in which the resin composition in pellet form is injection-molded by an injection molding machine at a cylinder 
temperature, for example, 160 to 250°C. 

[0049] An article molded from the resin composition of the present invention has extremely superior physical prop- 
55 erties as compared with a molded article containing a flame retardant as a conventionally known phosphorus-containing 
compound. In particular, the article molded from the resin composition of the present invention is characterized by 
excellent heat resistance, particularly a high heat distortion temperature under load (HOT). That is to say, it is known 
that a heat distortion temperature under load (HDT) which a high impact polystyrene resin inherently has significantly 
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lowers when a phosphate known as a flame retardant for the resin such as triphenyl phosphate (TPP) or bis(nonyl- 
pheny!)phenyl phosphate (BNPP) is added to the resin. For example, when triphenyl phosphate Is added to the poly- 
styrene resin in an amount sufficient to achieve a flame retarding effect, retention of the heat distortion temperature 
under load (HDT) decreases to about 60 to 80%. 

5 [0050] However, when the phosphorus-containing compound (component b) In the present Invention is added to the 
polystyrene resin, the retention of the heat distortion temperature under load (HDT) is kept at at least 85%. Indicating 
that its percentage of decrease is extremely small. Under suitable conditions, the article molded from the resin com- 
position of the present invention has a high heat distortion temperature under load (HDT) retention of not lower than 
90%. Surprisingly, the article may even show a retention of heat distortion temperature under load of 95% or higher 

10 or, in some cases, 1 00 to 1 05%. Thus, there has heretofore not been known the composition in which the heat distortion 
temperature under load (HDT) of the polystyrene resin itself hardly drops when the phosphorus-containing compound 
is added to the polystyrene resin as a flame retardant and which shows a heat distortion temperature under load which 
is the same as or higher than that of the resin. 

[0051] In the resin composition of the present Invention, retention of the heat distortion temperature under load of 
15 the high Impact polystyrene resin to be used is at least 85%, preferably not lower than 90%, particularly preferably not 
lower than 95%. This indicates that the resin composition of the present Invention has a large value from a practical 
standpoint within the above retention range and retains high heat resistance Inherent in the high impact polystyrene 
resin. The retention of heat distortion temperature underload is detennlned by substituting a heat distortion temperature 
under load x (''C) of the high Impact polystyrene resin (component a) and a heat distortion temperature under load y 
20 (OQ) of the resin composition comprising the high impact polystyrene resin (component a) and the phosphorus-con- 
taining compound (component b) into an expression (y/x) x 100%. Further, when the component a Is substantially a 
high Impact polystyrene resin (HIPS), the resin composition of the present invention shows a heat distortion temperature 
under load of preferably 65 to 1 00^ C, more preferably 70 to 95° C, when measured by a method adhered to ASTM-D648 
by use of a 1/4-inch test piece under a load of 1 .81 MPa (18.5 Kgf/cm^). 
25 [0052] Further, the article molded from the resin composition of the present invention has a small reduction in impact 
strength and impact strength sufficient to make the article practical. 

[0053] The following two types of the resin compositions of the present invention has high heat resistance, particularly 
high retention of heat distortion temperature under load, and excellent practicality. 

30 Type 1 

[0054] A flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin component (component a) which substantially comprises a high Impact polysty- 
35 rene, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b) represented by the following 
general formula (I): 

A-P V ^-A' (I) 

\)'CH2^ \:H2-0'^ 

45 

wherein A and A' are the same or different and represent -OR or -Q wherein R and Q represent an alkyi group having 
1 to 12 carbon atoms, a cycloalkyi group having 5 to 10 carbon atoms, an aralkyi group having 7 to 20 carbon atoms 
or an aryl group having 6 to 15 carbon atoms. 

[0055] In the composition of the type 1 , the resin component desirably contains the high impact polystyrene resin in 
50 an amount of not lower than 90% by weight. Further, an article molded from the resin composition of the type 1 has 
retention of a heat distortion temperature under load of not lower than 85%. 

Type 2 

55 [0056] A flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin component comprising 50 to 95% by weight of a high impact polystyrene resin 
and 5 to 50% by weight of a polyphenylene ether, and 
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(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b-1) represented by the following 
general formula (1-1): 



10 

wherein R and R' are the same or different and represent an alkyi group having 1 to 12 carbon atoms, a cycloalkyl 
group having 5 to 10 carbon atoms, an aralkyi group having 7 to 20 carbon atoms or an aryl group having 6 to 15 
carbon atoms. 

[0057] An article molded from the resin composition of the type 2 has retention of a heat distortion temperature under 
15 load of not lower than B5°C. 

[0058] Next, preparation examples of phosphorous-containing compounds used in Examples will be described. 

Preparation Example 1 

20 Preparation of 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,51undecane,3,9-diphenoxy-3,9-dioxide (b-1) 

[0059] 6.81 Parts of pentaerythritol, 16,0 parts of pyridine and 80.0 parts of dioxane were charged into a reactor 
equipped with a thermometer, a condenser and a dropping funnel and stirred. Then, 21 .1 parts of phenyldichlorophos- 
phate was added to the reactor by use of the dropping funnel. After completion of the addition, the mixture was refluxed 

25 under heating. After reacted, the mixture was cooled to room temperature, and obtained crystals were washed with 
water and methanol and then filtered. The crystals filtered out were dried at 120'C and 133 Pa for 3 hours to obtain 
19.6 parts of a white solid. It was confinned by 3ip, a ^HNMR spectaim and measurement of a melting point that the 
obtained solid was a target 2,4,8,1 0-tetraoxa-3,9-dlphosphaspyro[5,5]undecane,3,9-diphenoxy-3,9-dioxide (hereinaf- 
ter refen-ed to as "b-1"). The yield was 80%, and ^^PNMR purity was 99%. 

30 1H-NMR (DMSO-dg. 300 MHz): 67.38 (m, 10H), 4.75 and 4.45 (m, 8H), 3iP-NMR (DMSO-dg. 120 MHz): 5-13.52 (S), 
Melting Point: 1 93 to 1 95°C 

Preparation Example 2 

35 Preparation of 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-dlmethoxy-3,9-dloxide (b-2) 

[0060] 6.81 Parts of pentaerythritol and 0.1 1 parts of DMF were charged Into a reactor equipped with a thermometer, 
a condenser and a dropping funnel. Then, 30.68 parts of phosphorus oxychloride was added to the reactor by use of 
the dropping funnel. After completion of the addition, the mixture was heated at 50°C. After reacted, the mixture was 

40 cooled to room temperature, 39.7 parts of methylene chloride was added to the mixture, and obtained crystals were 
filtered out. The obtained crystals were washed with methylene chloride and dried at 120*0 and 133 Pa for 3 hours to 
obtain 11.14 parts of a white solid. 60.1 2 Parts of methanol was added to the obtained solid, and the resulting mixture 
was refluxed under heating for 1 hour After completion of the reaction, hexane was added to the mixture, and obtained 
crystals were filtered out. The obtained solids were recrystallized from ethanol and dried at 120^*0 and 133 Pa for 3 

45 hours to obtain 6.51 parts of a white solid. It was confirmed by ^^P, a ""HNMR spectrum and measurement of a melting 
point that the obtained solid was a target 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-dimethoxy-3,9-di- 
oxide (hereinafter referred to as "b-2"). The yield was 60%, and 3iPNMR purity was 90%. 



1H-NMR (DMSO-dg. 300 MHz): 64.46 and 4.21 (m, 8H), 3.74 (d, 6H),3iP-NMR (DMSO-de. 120 MHz): 6-6.34 (S), 
Melting Point: 190 to 195*»C 



Preparation Example 3 

Preparation of 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-diphenyl-3,9-dioxide (b-3) 

55 [0061] 6.81 Parts of pentaerythritol, 0.4 parts of pyridine and 80.0 parts of dioxane were charged into a reactor 
equipped with a thermometer, a condenser and a dropping funnel and stirred. Then, 19.5 parts of phenyldichlorophos- 
phonic acid was added to the reactor by use of the dropping funnel. After completion of the addition, the mixture was 
refluxed under heating. After reacted, the mixture was cooled to room temperature, and obtained crystals were washed 
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with water and methanol and then filtered. The crystals filtered out were dried at 120'»C and 133 Pa for 3 hours to 
obtain 18,8 parts of a white solid. It was confirmed by ^^P, a ^HNMR spectrum and measurement of a melting point 
that the obtained solid was a target 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane.3,9-diphenyl-3,9-dioxide 
(hereinafter refen-ed to as "b-3"). The yield was 60%, and 3^PNMR purity was 99%. 
5 1H-NMR (CDCI3. 300 MHz): 57.9 to 7.5 (m, 10H), 4.8 to 4.1 (m. 8H). 3iP-NMR (CDCIa. 120 MHz): 818.43 (S). Melting 
Point: 265 to 268»C 

Preparation Example 4 

10 Preparation of 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-dimethyl-3,9-dioxide (b-4) 

[0062] 3.8 Parts of a white solid was obtained in the same manner as in Preparation Example 3 except that methyl- 
dichlorophosphonic acid was used in place of phenyldlchlorophosphonlcacld. It was confimned by 3ip, a ^HNMR spec- 
trum and measurement of a melting point that the obtained solid was a target 2,4,8, 10-tetraoxa-3,9-diphosphaspyro 
15 [5,5]undecane.3,9-dlmethyl-3,9-dioxide (hereinafter referred to as "b-4"). The yield was 30%, and 3^ PNMR purity was 
99%. 

IH-NMR (DMSO-dg, 300 MHz): 54.5 to 4.2 (m. 8H). 1 .62 (d. 6H), 3iP-NMR (DMSO-dg. 120 MHz): 527.52 (S), Melting 
Point: 248 to 25rC 

20 Preparation Example 5 

Preparation of 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-di-n-butyl-3.9-dloxide (b-5) 

[0063] 13.6 Parts of a white solid was obtained in the same manner as in Preparation Example 3 except that n- 
25 butyldlchlorophosphonrc acid was used In place of phenyldlchlorophosphonic acid. It was confimned by 31 p, a ^ HNMR 
spectrum and measurement of a melting point that the obtained solid was a target 2,4,8, 1 0-tetraoxa-3,9-diphosphaspy- 
ro[5,5]undecane,3,9-di-n-butyl-3,9-dloxide (hereinafter referred to as "b-S"). The yield was 80%, and ^^PNMR purity 
was 99%. 

1H-NMR (CDCI3. 300 MHz): 64.6 to 3.8 (m, 8H), 2.0 to 1.8 (m, 4H), 1.8 to 1.55 (m. 4H), 1.5 to 1.35 (m, 4H), 0.95 (t, 
30 6H), 31P-NMR (CDCI3. 120 MHz): 533.6 (S), Melting Point: 196 to 198*» C 

Preparation Example 6 

Preparation of 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-di-t-butyl-3,9-dioxide (b-6) 

35 

[0064] 5.9 Parts of a white solid was obtained in the same manner as in Preparation Example 3 except that t-butyl- 
dichlorophosphonic acid was used In place of phenyldlchlorophosphonic acid. It was confirmed by ^tp, a ^HNMR spec- 
trum and measurement of a melting point that the obtained solid was a target 2.4,8. 10-tetraoxa-3,9-diphosphaspyro 
[5.5]undecane.3,9-di-t-butyl-3,9-dloxide (hereinafter referred to as "b-6"). The yield was 35%. and 3ipNMR purity was 
40 99%. 

1H-NMR (CDCI3. 300 MHz): 54.65 to 3.7 (m, 8H), 1 .27 (d. 9H). 3iP-NMR (CDCI3. 120 MHz): 538.6 (S), Melting Point: 
31 2 to 31 3^*0 

Preparation Example 7 

45 

Preparation of 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,51undecane,3,9-dibenzyl-3,9-dioxlde (b-7) 

[0065] 15.3 Parts of a white solid was obtained in the same manner as in Preparation Example 3 except that ben- 
zyldichlorophosphonic acid was used in place of phenyldlchlorophosphonic acid. It was confimned by ^ip, a ^HNMR 
so spectrum and measurement of a melting point that the obtained solid was a target 2,4,8, 1 0-tetraoxa-3.9-dlphosphaspy- 
ro[5,5]undecane,3,9-dlbenzyl-3,9-dioxide (hereinafter referred to as "b-7"). The yield was 75%. and^^PNMR purity 
was 99%. 

iH-NMR (CDCI3, 300 MHz): 67,4 to 7.2 (m. 10H), 4.4 to 4.1 (m, 8H), 3.48 (d, 4H), 3lP-NMR (CDCI3. 120 MHz): 523.1 
(S), Melting Point: 257 to 259''C 

55 
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Preparation Example 8 

Preparation of 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3-phenoxy-9-methyl-3,9-dioxlde (b-8) 

5 [0066] 6.81 Parts of pentaerythrltol, 0,4 parts of pyridine and 70.0 parts of dioxane were charged into a reactor 
equipped with a thermometer, a condenser and a dropping funnel and stirred. Then, 1 1 .8 parts of phenyldlchlorophos- 
phate was added to the reactor by use of the dropping funnel. After completion of the addition, the mixture was ref luxed 
under heating. After the reaction, dioxane was distilled out, and acetone and water were added to the resulting mixture. 
A produced white solid was filtered out, and a mother liquor was vacuum-concentrated under heating. A concentrated 

w mother liquor obtained by repeating the procedure three times was added to ice water, thereby obtaining a white solid. 
The obtained solid was dried at 120°C and 133 Pa for 3 hours to obtain 6.03 parts of a white solid. Then, 6.03 parts 
of the obtained white solid, 3.5 parts of pyridine. 90.0 parts of dioxane and 2,9 parts of methylphosphonic acid dichloride 
were charged into a reactor equipped with a thermometer, a condenser and a dropping funnel and stirred. Then, the 
mixture was refluxed under heating. After the reaction, dioxane was distilled out, the resulting mixture was dissolved 

15 In methanol, and pyridine hydrochloride was removed by column chromatography. After the obtained solution was 
vacuum-concentrated under heating to be dried and solidified, it was washed with water. A material filtered out was 
dried at 120*^0 and 133 Pa for 3 hours to obtain 5,2 parts of a white solid. It was confirmed by 3^P, a ^HNMR spectrum 
and measurement of a melting point that the obtained solid was a target 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5] 
undecane,3,9-dlphenoxy-3,9-dioxide (hereinafter referred to as "b-8"). The yield was 40%. and ^^PNMR purity was 

20 99%. 

1H-NMR (CDCI3, 300 MHz): 67.4 to 7.2 (m. 5H). 4.75 to 3.8 (m, 8H). 1 .64 (d. 3H), ^iR-NMR (CDCI3, 120 MHz) : 531 .57 
(S), -13.68 (S), Melting Point: 195 to 196''C 

Examples 

25 

[0067] The present invention will be described in detail with reference to examples hereinafter. However, a scope of 
the present invention shall not be limited to these examples. Evaluations were made in accordance with the following 
methods. 

30 (1) Flame Retardancy (evaluated in accordance with UL-94) 

Flame retardancy was evaluated by use of a test piece having a size of 3.1 8 mm (1/8 inch) in accordance with 
a vertical firing test defined In U.S. UL Standard UL-94 as a scale for evaluating flame retardancy. A test piece 
which stopped burning without dripping within 30 seconds after removal of a flame was evaluated as "V-1", one 
which stopped burning by dripping within 30 seconds after removal of a flame was evaluated as "V-2", and a test 

35 piece which did not meet these criteria are evaluated as "not V". 
(2) Reduced Viscosity T|sp/C 

A mixed solvent of 1 8 ml of methyl ethyl ketone and 2 ml of methanol was added to 1 g of a rubber-modified 
styrene resin. The mixture was shaken at 25°C for 2 hours and then centrifuged at 5°C and 4,000 rpm for 30 
minutes. A supernatant was taken out, and a resin component was deposited by methanol and then dried. Then, 

40 0.1 g of the thus obtained resin was dissolved in toluene to prepare a 0.5 g/dl solution. 10 ml of this solution was 

put into an Ostwald viscometer having a capillary diameter of 0.3 mm, and a time of flow in seconds of the 
solution was measured at 30" C. Meanwhile, a time of flow in seconds \q of toluene was measured by the same 
viscometer, and a reduced viscosity was calculated from the following expression. In this case, the time of flow in 
seconds t© of toluene is preferably not less than 240 seconds. risp/C = (t^/to ■ 1 )/C (C: polymer concentration g/dl) 

45 (3) Amount of Rubber-Like Polymer Component in Rubber-Modified Styrene Resin 

Nuclear magnetic resonance of a hydrogen atom was measured by means of a nuclear magnetic resonance 
measuring device (UNITY300 manufactured by BARIAN CO., LTD.), and the amount of a rubber-like polymer 
component was calculated from the molar ratio of a styrene unit to a butadiene unit. 
(4) Heat Distortion Temperature Under Load (HDT) and Retention of Heat Distortion Temperature Under Load 

50 A heat distortion temperature under load was measured by use of a test piece having a size of 6.35 mm (1/4 

Inch) under a load of 18.5 kg in accordance with a method adhered to ASTM-D648. As for retention of a heat 
distortion temperature under load, a heat distortion temperature under load x ('C) of a rubber-modified styrene 
resin used and a heat distortion temperature under load y (°C) of a styrene resin composition were measured, and 
the retention of a heat distortion temperature under load was calculated from an expression (y/x) x 100(%). 

55 (5)MFRValue 

[00681 An MFR value was measured at 230*'C and 37.3 N (load of 3.8 kg) in accordance with measurement defined 
In JIS-K7210. 



EP 1 262 519 A1 



[0069] The following components were used in Exannples and Comparative Examples. 

(A) Resin Components 

(1 ) Rubber-modified styrene resin (hereinafter ref en-ed to as "H-1 ") having a reduced viscosity Tigp/C of 0.63 
dl/g, 4.3% by weight of a rubber-like polymer component and an MFR of 36.0 g/10 min. 

(2) Rubber-modified styrene resin (hereinafter referred to as "H-2") having a reduced viscosity T|sp/C of 0.78 
dl/g, 4.3% by weight of a rubber-lil^e polymer component and an MFR of 71 .9 g/10 min, 

(3) Rubber-modified styrene resin (hereinafter referred to as "H-3") having a reduced viscosity Tjsp/C of 0.96 
dl/g, 7.9% by weight of a rubber-tike polymer component and an MFR of 7.9 g/10 min. 

(4) Modified polyphenylene ether {NORYL manufactured by GE Plastic Japan (hereinafter referred to as •'H-4")) 

(B) Cyclic Organic Phosphorus Compounds 

(1) 2,4,8, 10-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-diphenoxy-3,9-dloxide {cyclic phosphate com- 
pound (hereinafter refenred to as "b-1") of the above general formula (1-1) wherein both R and R' are a phenyl 
group.} 

(2) 2,4,8, 10-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-dimethoxy-3,9-dioxide {cyclic phosphate com- 
pound (hereinafter referred to as "b-2") of the above general formula (1-1) wherein both R and R* are a methyl 
group.} 

(3) 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-diphenyl-3,9-dioxide {cyclic phosphonate com- 
pound (hereinafter referred to as "b-3") of the above general fonmula (1-2) wherein both Q and Q' are a phenyl 
group.} 

(4) 2,4,8,1 0-tetraoxa-3.9-diphosphaspyro[5,5]undecane,3,9-dimethyl-3,9-dioxlde {cyclic phosphonate com- 
pound (hereinafter referred to as "b-4") of the above general fomnula (1-2) wherein both Q and Q' are a methyl 
group.} 

(5) 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5}undecane,3,9-di-n-butyl-3,9-dioxide {cyclic phosphonate com- 
pound (hereinafter referred to as "b-5") of the above general fomiula (1-2) wherein both Q and Q' are an n- 
butyl group.} 

(6) 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-di-t-butyl-3,9-dioxide {cyclic phosphonate com- 
pound (hereinafter referred to as "b-6") of the above general fonnula (1-2) wherein both Q and Q' are a t-butyl 

group.} 

(7) 2,4,8,1 0-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3,9-dibenzyl-3,9-dioxlde {cyclic phosphonate com- 
pound (hereinafter referred to as "b-7") of the above general fomiula (1-2) wherein both Q and Q' are a benzyl 
group.} 

(8) 2,4,8, 10-tetraoxa-3,9-diphosphaspyro[5,5]undecane,3-phenoxy-9-methyl-3,9-dioxide {cyclic organic 
phosphorus compound (hereinafter referred to as "b-8") of the above general formula (1-3) wherein R is a 
phenyl group and Q is a methyl group.} 

(C) Other Phosphorus Compounds 

(1) Red Phosphoms {NOVAEXCEL 140 (hereinafter referred to as "c-1") manufactured by RINKAGAKU 
KOUGYO CO., LTD.} 

(2) Triphenyl Phosphate {TPP (hereinafter referred to as "c-2") manufactured by DAIHACHI CHEMICAL IN- 
DUSTRY CO.. LTD.} 

(3) 1 ,3-phenylenebis[di(diphenyl)phosphate] (organic phosphate compound of the above general fomiula (C- 
3-1) 

wherein R^ RS, RS and R7 are a phenyl group, CR-733S (hereinafter refenred to as "c-3-1") manufactured by 
DAIHACHI CHEMICAL INDUSTRY CO.. LTD.} 

(4) 1 ,3-phenylenebis[di(2,6-dlmethylphenyl)phosphate} {organic phosphate compound of the above general 
formula (4) wherein R^, R^, R6 and R^ are a 2.6-dimethylphenyl group, ADEKASTAB FP-500 (hereinafter 
referred to as "c-3-2") manufactured by ASAHI DENKA KOGYO K.K.} 

(5) Bisphenol-A[di(diphenyl)phosphate] {organic phosphate compound of the above general formula (c-4) 
wherein R'^. RS, R6 and R^ are a phenyl group, Ar^ and Ar2 are a phenylene group and X is an isopropylidene 
group. CR-741 (hereinafter referred to as "c-4") manufactured by DAIHACHI CHEMICAL INDUSTRY CO., 
LTD.} 

(6) 6H-dibenzo[c,e][1 ,2]oxaphosphorine-6-one {HCA (hereinafter referred to as "c-5") manufactured by 
SANKO CO., LTD.} 
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(D) Other Additives Dicumyl {NOFMAR BC-90 (hereinafter referred to as "d-l") manufactured by NOF CORPO- 
RATION} 

Examples 1 to 25 and Comparative Examples 1 to 15 

5 

[0070] Components shown In Table 1 were mixed together in a tumbler in amounts (parts by weight) shown in Table 
1 . The mixtures were pelletized at a resin temperature of ISCC by use of a 15-mm-(t) twin screw extruder (K2W15 
manufactured by TECHNOBEL CO.. LTD.), and obtained pellets were dried by use of a hot air dryer at 65°C for 4 
hours. The dried pellets were molded by use of an injection molding machine (J75Si manufactured by JSW) at a cylinder 
10 temperature of 200<'C. Results of evaluations by use of molded plates are shown in Table 1 . 
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[0071] Generally, a flame retarding effect of a phosphate-based flame retardant on a high impact polystyrene resin 
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(HIPS) IS derived from its plasticizing effect, and a quenching effect is not seen. 

[0072] The size of a flame Is about the same as that when no flame retardant is added. A burning portion of a test 
piece is molten and dripped at an early stage, whereby the test piece itself stops burning. However, the molten and 
fallen drip continues burning and cannot be extinguished easily. 
5 [0073] Of the above examples, those which showed different behaviors from the above burning behavior in particular 
will be described with respect to the behaviors hereinafter. 

(1) Examples 9, 10, 11 and 12 

The size of a flame at the time of burning was small, and a quenching tendency was seen. 
10 (2) Examples 21 and 22 

The size of a flame at the time of burning was small, and a quenching tendency was seen. Further, time spent 
to quench a burning drip was very short (the drip did not continue burning). 

(3) Example 20 

A big difference was not seen as compared with Example 3, but a stable number of seconds for quenching 
15 was seen. 

(4) Example 23 

The size of a flame at the time of burning was extremely small. A char was produced, a flammable gas stopped 
flowing into a gas phase, and a process of quenching could be seen. 

A burning portion of the test piece was not easily dripped at ail, and formation of the char lowered f lowability 
20 of the resin. 

(5) Example 24 

The size of a flame at the time of burning was extremely small. A char was produced, a flammable gas stopped 
flowing into a gas phase, and a process of quenching could be recognized. A burning portion of the test piece was 
not dripped. 

25 

Claims 

1 . A flame retardant resin composition comprising: 

30 

(A) 1 00 parts by weight of a resin component (component a) containing at least 50% by weight of a high impact 
polystyrene, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b) represented by the following 
general formula (I): 

35 

A^P- V P-A' (I) 

40 Nj-chj/ \:h2-o^ 



wherein A and A' are the same or different and represent -OR or -Q wherein R and Q represent an alkyi group 
having 1 to 12 carbon atoms, a cycloallcyl group having 5 to 10 cariDon atoms, an aralkyi group having 7 to 20 
45 carbon atoms or an aryl group having 6 to 15 carbon atoms. 

2. The resin composition of claim 1 , which further contains at least one compound (component c) selected from the 
group consisting of the following compounds (c-1) to (c-5) In an amount of 1 to 100 parts by weight based on 100 
parts by weight of the phosphorus-containing compound (component b) represented by the general fomiula (I). 

50 

(c-1) red phosphorus 

(c-2) triaryl phosphate represented by the following formula (c-2) 



55 
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— 0 — P— 0-— R* (c-2) 

I 

0 



(c-3) condensed phosphate represented by the following formula (c-3) 



r1 — 0 — P 

I 

0 

u 



o — Ar' 



0 

II 

-O — P — 0 

A 

I, 



m 



(c-3) 



(c-4) condensed phosphate represented by the following fonnula (c-4) 



0 

II 



R* — O — P — 0 — Ar*— X— At 



O 

A" 



0 

II 

-p 
I 

0 

A' 



-R' 



m 



(c-4) 



(c-5) compound represented by the following formula (c-S) 




(c-5) 



wherein in the formulae (c-2) to (c-4), RMo may be the same or different and represent an aryl group having 
6 to 15 carbon atoms which may be substituted by one to five groups selected from an alkyi group having 1 
to 12 carbon atoms, an alkoxy group having 1 to 12 carbon atoms, an alkylthio group having 1 to 12 carbon 
atoms and a group -Y-Ar^ (wherein Y represents -0-, -S- or an alkylene group having 1 to 8 carbon atoms, 
and Ar^ represents an aryl group having 6 to 15 carbon atoms), Ar^ and Ar2, if both are present, may be the 
same or different and represent an arylene group having 6 to 15 carbon atoms which may be substituted by 
one to four groups selected from an alkyI group having 1 to 4 carbon atoms, an aralkyi group having 7 to 20 
carbon atoms and a group -Z-R^ (wherein Z represents -O- or -S-, and RS represents an alkyI group having 
1 to 4 carbon atoms or an aryl group having 6 to 15 carbon atoms), X represents a single bond, -0-, -CO-, 
-S-, -SO2- or an alkylene group having 1 to 3 carbon atoms, and m represents an integer of 1 to 5; and two 
benzene rings in the f ormu la (c-5) each may have one to four substituents (selected from the same substituents 
as those for the aryl groups represented by R"" to R^). 



The resin composition of claim 1 or 2, which further contains dicumyl (component d) In an amount of 0.01 to 3 
parts by weight based on 100 parts by weight of the resin component (component a). 
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4. The resin composition of claims 1 to 3, which contains substantialty no halogen. 

5. The resin composition of claim 1 , wherein the content of the high impact polystyrene In the resin component (com- 
ponent a) is at least 60% by weight. 

6. The resin composition of claim 1 , wherein the high impact polystyrene Is a mbber-modifled polystyrene, and the 
content of a polystyrene component in the polystyrene Is 85 to 99% by weight. 

7. The resin composition of claim 1 , wherein the resin component (component a) comprises 50 to 100% by weight 
of a high Impact polystyrene (a-1) and 0 to 50% by weight of at least one resin (a-2) selected from the group 
consisting of a polyphenylene ether, a polycarbonate, a polyester and a phenol resin. 

8. The resin composition of claim 1 , which contains the phosphorus-containing compound (component b) represented 
by the general formula (I) in an amount of 1 to 40 parts by weight based on 100 parts by weight of the resin 
component (component a). 

9. The resin composition of claim 1 , which can achieve retention of a heat distortion temperature under load (l\fl) 
represented by the following expression of at least 85%. 



wherein x represents a heat distortion temperature under load (°C) of an article molded from the resin component 
(component a) and y represents a heat distortion temperature under load (" C) of an article molded from a resin 
composition comprising the resin component (component a) and the phosphorus-containing compound (compo- 
nent b). 

10. The resin composition of claim 1 , which can achieve at least a flame retardancy level V-2 in an UL94 Standard. 

11. A flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin composition (component a) containing at least 50% by weight of a high 
impact polystyrene, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b-1 ) represented by the following 
general formula (1-1): 



wherein R and R' are the same or different and represent an alkyi group having 1 to 12 carbon atoms, a 
cycloalkyi group having 5 to 10 carbon atoms, an aralkyi group having 7 to 20 carbon atoms or an aryl group 
having 6 to 15 carbon atoms. 

12. The resin composition of claim 11 , which further contains at least one compound (component c) selected from the 
group consisting of the following compounds (c-1) to (c-5) in an amount of 1 to 100 parts by weight based on 100 
parts by weight of the phosphorus-containing compound (component b-1 ) represented by the general fomiula (1-1 ). 

(c-1) red phosphorus 

(c-2) triaryl phosphate represented by the following fomnula (c-2) 



M(%) = (y/x)x100 




(I-l) 
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R* — 0 — P — 0 — ^R' 
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I, 



(c-2) 



(c-3) condensed phosphate represented by the following formula (c-3) 
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(c-4) condensed phosphate represented t)y the following formula (c-4) 
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(c-5) connpound represented by the following formula (c-5) 




(c-5) 



wherein in the fonnulae (c-2) to (c-4), to R"^, Ar^ , Ar^, m and X are the same as defined above. 

13. The resin composition of claim 11 , which further contains dicumyl In an amount of 0.01 to 3 parts by weight based 
on 1 00 parts by weight of the resin component (component a). 

14. The resin composition of claim 11, wherein R and R' in the general fomnula (1-1) are the same or different and 
represent an alkyi group having 1 to 5 carbon atoms or phenyl group, 

15. A flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin composition (component a) containing at least 50% by weight of a high 
impact polystyrene, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b-2) represented by the following 
general formula (1-2): 
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Q-P V 7-Q' (1-2) 

N3-CH2/ N:h2-o^ 

wherein Q and Q' are the same or different and represent an alkyi group having 1 to 12 carbon atoms, a 
cycloalkyi group having 5 to 10 carbon atoms, an aralkyl group having 7 to 20 carbon atoms or an aryl group 
having 6 to 15 carbon atoms. 

16, The resin composition of claim 1 5, which further contains at least one compound (component c) selected from the 
group consisting of the following compounds (c-1) to (c-5) In an amount of 1 to 100 parts by weight based on 100 
parts by weight of the phosphorus-containing compound (component b-2) represented by the general fonnula (1-2). 

(c-1) red phosphorus 

(c-2) triaryl phosphate represented by the following formula (c-2) 

O 

— 0 — P — O — ^R^ (c-2) 
O 



(c-3) condensed phosphate represented by the following fomnula (c-3) 



r 
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-p — o- 
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m 



(c-3) 



(c-4) condensed phosphate represented by the following fonnula (c-4) 
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(c-5) compound represented by the following formula (c-5) 
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(C-S) 



wherein in the fomiulae (c-2) to (c-4), to R^, Ar"" , Ar2, m and X are the same as defined above. 

17. The resin composition of claim 1 5, which further contains dicumyl in an amount of 0.01 to 3 parts by weight based 
on 100 parts by weight of the resin component (component a). 

18. The resin composition of claim 15. wherein Q and Q' in the general fomnula (1-2) are the same or different and 
represent an alky! group having 1 to 10 carbon atoms, a cycloalkyi group having 6 to 8 carbon atoms, an arall<yl 
group having 7 to 15 carbon atoms or an aryl group having 6 to 14 carbon atoms. 

19. A flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin composition (component a) containing at least 50% by weight of a high 
impact polystyrene, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b-3) represented by the following 
general fonnula (1-3): 



wherein Q and R are the same or different and represent an alkyl group having 1 to 1 2 carbon atoms, a cycloalkyi 
group having 5 to 1 0 carbon atoms, an aralky! group having 7 to 20 carbon atoms or an aryl group having 6 to 1 5 
carbon atoms. 

20. The resin composition of claim 1 9, which further contains at least one compound (component c) selected from the 
group consisting of the following compounds (c-1 ) to (c-5) In an amount of 1 to 1 00 parts by weight based on 1 00 
parts by weight of the phosphorus-containing compound (component b-3) represented by the general f onmula (1-3), 

(c-1 ) red phosphorus 

(c-2) triaryl phosphate represented by the following formula (c-2) 




(1-3) 



0 

1 " 3 

O — P — O — ^R^ 



(c-2) 



0 



(c-3) condensed phosphate represented by the following formula (c-3) 
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(c-4) condensed phosphate represented by the following formula (c-4) 
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Ri — 0 — P — 0 — Ar^— X—Ar^ — 0 — ^P — 0 — R 
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{c-4) 



(c-5) compound represented by the following formula (c-5) 




(c-5) 



wherein In the fomriulae (c-2) to (c-4), to R^, Ar^ , Ar^, m and X are the same as defined above. 

21 . The resin composition of claim 1 9, which further contains dicumyl In an amount of 0.01 to 3 parts by weight based 
on 100 parts by weight of the resin component (component a). 

22. The resin composition of claim 19, wherein in the general fomiula (1-3), Q represents an all^l group having 1 to 
1 2 carbon atoms, a cycloalkyi group having 5 to 1 0 carbon atoms or an aralkyi group having 7 to 20 carbon atoms 
and R represents an aryl group having 6 to 15 carbon atoms. 

23. A flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin component (component a) which substantially comprises a high impact 
polystyrene, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b) represented by the following 
general formula (I): 



A-P C P-A' 

N)-CH2/ N:h2-o^ 



(I) 



wherein A and A' are the same or different and represent -OR or -Q wherein R and Q represent an alkyi group 
having 1 to 12 carbon atoms, a cycloalkyi group having 5 to 10 carbon atoms, an aralkyi group having 7 to 20 
carbon atoms or an aryl group having 6 to 15 carbon atoms. 
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24. The resin composition of claim 23, wherein the resin component contains the high Impact polystyrene resin in an 
amount of not lower than 90% by weight. 

25. The resin composition of claim 23, which has retention of a heat distortion temperature under load of not lower 
than 90%. 

26. A flame retardant resin composition comprising: 

(A) 100 parts by weight of a resin component comprising 50 to 95% by weight of a high impact polystyrene 
resin and 5 to 50% by weight of a polyphenylene ether, and 

(B) 1 to 50 parts by weight of a phosphorus-containing compound (component b-1 ) represented by the following 
general formula (1-1): 



wherein R and R' are the same or different and represent an alkyi group having 1 to 12 carbon atoms, a cycloalkyi 
group having 5 to 1 0 carbon atoms, an aralkyi group having 7 to 20 carbon atoms or an aryl group having 6 to 1 5 
carbon atoms. 

27. The resin composition of claim 26, which has a heat distortion temperature under load of not lower than 85*C. 

28. An article molded from the flame retardant resin composition of any of claims 1 , 11 , 15, 19, 23 and 26. 

29. A phosphorus-containing compound represented by the following general formula (1-3): 



wherein Q and R are the same or different and represent an alkyI group having 1 to 1 2 carbon atoms, a cycloalkyi 
group having 5 to 1 0 carbon atoms, an aralkyi group having 7 to 20 carbon atoms or an aryl group having 6 to 15 
carbon atoms. 

30. The compound of claim 29, wherein in the general formula (1-3), Q represents an alkyI group having 1 to 12 carbon 
atoms, a cycloalkyi group having 5 to 10 carbon atoms or an aralkyi group having 7 to 20 carbon atoms and R 
represents an aryl group having 6 to 15 carbon atoms. 

31 . A flame retardant comprising the phosphorus-containing compound represented by the general formula (1-3). 




(i-i) 




EP1 262 519 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JPOO/04850 



A. CLASSIFICATION OF SUBJECT MATTER 



Int.Cl' C08L51/04, C08L101/00, C08K5/521 
Accordin g to International Patent Ctassification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl' C08L51/04, C08L101/00, C08K5/521 

Documentation searched other than mininnum documentation to the extent that such documents arc included in the fields searched 



Electronic data base consulted during the inicmotionat search (name of data base and, where practicable, search terms used) 



C. DOCUMEl^S CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of ihc relevant passages 



Relevant to claim No. 



JP, 60-079048, A (Japan Synthetic Rubber Co,, Ltd.), 
04 May, 1985 (04.05,85) , 

Claims; page 2, lower right column, line 1 to 5; page 4, 
lower right column, line 2 to page 5, lower right column, 
the 3'"* line from the bottom; page 8, upper left column, 
line 11 to upper right colximn, line 7 
Claims; page 2, lower right column, line 1 to 5; page 4, 
lower right column, line 2 to page 5, lower right column, 
the line from the bottom; page 8, upper left column, 
line 11 to upper right column, line 7 (Family: none) 

JP, 11-256022, A (Teijin Chera. Ltd.), 

21 September, 1999 (21.09.99), 

Claims; Par, Nos . 0024, 0072 

Claims; Par. Nos. 0024, 0072 (Family: none) 



1-31 



1-31 



JP, 05-295249, A (Asahi Chemical Industry Co, 
09 November, 1993 (09.11.93), 
Claims; Par. Nos. 0012, 0022, 0024 to 0026 
Claims; Par. Nos. 0012, 0022, 0024 to 0026 
{Family: none) 



Ltd.) , 



1-31 
1-31 



1-31 
1-31 



Further documents arc listed in the continuation of Box C. 


[~\ See patent family annex. 


* Special categories of cited documents'. 

"A" document defininB the general slate of the art which is not 

considered Id be of particular relevance 
"G" earlier documenl bui published on or ofter Ibe intemetional filing 

date 

"L" document which may throw doubts on priority claini(s) or which is 
cited to establish the publication date ofanother cilBtion or other 
special reason (as specified) 

"O" documenl referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date claimed 


"T* later documenl published after the international fditvg date or 
priority date and nol in connict wiUi the application but cited to 
understand the principle or theory underlying the invention 

"X" documenl of particular relevance; the claimed invcmion catmot be 
considered novel or cannot be considered to involve an inventive 
step when (he document is taken aione 

"Y* documem of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined wilh one or more other such documents, such 
combination being obvious to a person skilled in the ait 

"&* documem member of the same patent family 


Date of the actual completion of the international search 
10 October, 2000 (10.10.00) 


Dale of mailing of the international search report 
17 October, 2000 (17.10.00) 


Name and mailing address of the ISA/ 
Japanese Patent Office 


Authorized officer 


Facsimile No. 


Telephone No. 



Form PCT/ISA/2 10 (second sheet) (July 1992) 



EP1 262 519 A1 



INTERNATIONAL SEARCH REPORT 



intemationat application No. 

PCT/JPOO/04850 



C (Cominuaticn). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



X 
Y 



Ciiation ofdocumeni, with indication, where appropriate, of the relevant passages 



JP, 06-179823, A (Asahi Chemical Industry Co., Ltd.), 
28 June, 1994 (28.06.94) , 

Claims; Par. Noa. 0015, 0029, 0032 to 0033, 003S 
Claims; Par. Nos. 0015, 0029, 0032 to 0033, 0035 

(Family: none) 

JP, 09-241422, A (Asahi Chemical Industry Co., Ltd.), 

16 September, 1997 (16.09.97), 

Claims; Par. Nos. 0018, 0049 to 0055 

Claims; Par. Nos. 0018, 0049 to 0055 (Family: none) 

US, 4162278, A (American Cyanamid Company), 

24 July, 1979 (24.07.79) , 

Claims 

Claims 

& JP, 54-143460, A, Claims 
& DE, 2916972, Al 



Rcicvani to claim No. 



1-31 
1-31 



1-31 
1-31 



1-31 
1-31 



Fomi PCT/ISA/2 10 (continuation of second sheet) (July 1992) 



